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Abstract. The food sector has traditionally been considered one with the lowest 
research and development expenditure to value added ratio. In recent decades, how-
ever, the business environment has become more demanding in terms of technological 
inputs for reasons related to food safety, quality and also the globalisation of the food 
market. This provides a strong incentive to innovate, especially for small and medium-
sized enterprises (SME) seeking to remain in business.
Most businesses operating in the food sector belong to the SME category which, based 
on the literature, tends to have a low level of research capacity. 
This study seeks to identify determinants of the types of innovation adopted and asso-
ciations between them by analysing a sample of European food SMEs. For this pur-
pose a non-parametric analysis, namely the classification tree technique, is carried out. 
The main finding is that due to the technological factors inherent in the food indus-
try, a tight linkage exists between product, process and market innovation. Moreover, 
the study shows that collaboration between competitors encourages SMEs to engage 
in market, process and business model innovation. Conversely, synergy with suppliers 
and customers supports product innovation.
Keywords. Food SMEs, innovation, SME network
JEL Codes. O31, O32
1. Background and objectives
The food sector has traditionally been considered to be a low-tech sector in compari-
son with other sectors (Christensen et al., 1996; Garcia-Martinez et al., 2000). There are 
numerous reasons for this. First, innovation in the food industry does not usually make use 
of scientific inputs as innovation in the sector tends to be more incremental than radical; 
this is also related to the observation that consumers are typically conservative and reject 
radically novel food products (Garcia-Martinez et al., 2000). Second, the food industry is 
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mostly characterised by small and medium-sized enterprises (SMEs) (Schiemann, 2008), 
a size typology that is often deemed to lack the internal resources necessary to undertake 
innovation. This occurs in spite of the fact that various studies have demonstrated the con-
tribution of SMEs to the main innovations of the twentieth century (although this has been 
observed mostly in non-food related sectors) (Oakey, et al., 1988; Rothwell and Zegveld, 
1982; Rothwell, 1994). Recently, however, changes in food demand have introduced new 
requirements for the food industry, hence generating the need for new technological inputs 
and a growing interest in the promotion of innovation in the food sector as well (Traill et 
al., 2002). The technological needs of the food sector are increasing as a result of the intro-
duction of new technology as a means of increasing food safety and quality (Traill et al., 
2002). In particular, the food industry has increased the use of technological inputs to meet 
emergent economic social requirements (Baregheh et al., 2012) and to keep pace with the 
globalisation of demand in the food market (Grunert et al., 1997). 
This scenario not only boosts the role of innovation in improving competiveness, but 
also explains the growing interest shown by scholars in analysing innovation behaviour in 
the food sector (Traill et al., 2002). Hence in order to become competitive it is necessary 
for SMEs to develop the capacity to innovate, that must be maintained in the future, along 
the whole process of innovation (Gellynck et al., 2007).
The literature reveals that several topics related to innovation have already been thor-
oughly explored, notably with regard to both large firms and SMEs, but mostly without 
focusing specifically on the food sector. 
A review of the literature suggests that success in innovation lies in the understanding 
of the local contest (Ebbekink et al., 2012; Van Der Borgh et al., 2012) and is determined 
by factor combinations in connection with several firm characteristics, such as type of sec-
tor, country etc. In particular, in the food sector, the literature points to the importance of 
networking for food SMEs and how firm size influences innovation behaviour (Colurcio et 
al., 2012; S O’Reilly et al., 2003; Olsen et al., 2012; Bhaskaran, 2013; Minarelli et al., 2014). 
 Innovation is defined in the literature as the process of bringing new ideas to the 
market. It starts with the strategic goals, then develops through product development, 
process development, marketing development and organisational development, or combi-
nations of them (Earle M.D., 1997).
Prior research has highlighted that in order to identify the determinants of innovation 
it is necessary to distinguish types of innovation (Knight, 1967; Rowe and Boise, 1974; 
Downs and Mohr, 1976). Joseph Schumpter is often recognised as the first economist to 
focus on the importance of innovation for industries (Rogers, 1997). He defined five types 
of innovation, namely: the introduction of a new good or a change in the quality of an 
existent product; the introduction of a new production process; the introduction of prod-
uct into a new market; the acquisition of a new source of supply of raw materials; and the 
implementation of a new industrial organisation.
Thereafter, the OECD’s Oslo Manual (OECD, 1997 2nd edition) concentrated on the 
first two types due to the greater ease in defining and measuring: technological product 
innovations and technological process innovations. 
The connection between product and process innovation is also stressed in the litera-
ture in terms of existing relationships, due to the fact that a linkage exists between techni-
cal products and the processes implemented to generate these products. In fact, among 
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researchers, changes in the product systems have significant consequences for a firm´s 
manufacturing system and for technical and administrative processes and the dynam-
ics involved in their adoption at the industrial, environmental and organisational level 
are different. (Abernathy and Utterback, 1978; Daft, 1978; Tornatzky and Fleischer, 1990; 
Jansen et al., 2006; Kimberly and Evanisko, 1981; Light, 1998).
Moreover, as several academics suggest (Utterback and Abernathy, 1975; Hayes and 
Wheelwright 1979 a, 1979 b; Kim et al. 1992), changes in the product system also have 
significant impacts on a firm’s business model. Once the firm introduces a new product, a 
change must be considered not only in the technical processes, but also in the administra-
tive ones. 
To the best knowledge of the authors, there is a lack of studies available addressing 
the topic of the determinants of different types of innovation pursued by food SMEs. In 
many cases the literature tends to focus both on process and product innovation (Triguero 
et al. 2013, Capitanio et al. 2010, Avermaete et al. 2004, De Jong and Vermeulen, 2006) 
without analysing them separately and without considering possible interactions/links 
between them. Moreover, other types of innovation, such as market and business organi-
sation innovation, are often neglected.
Given these premises, the objective of this study is twofold: 
• first, to investigate the link between different types of innovation (in product, process, 
market and business models) introduced by food SMEs; and
• secondly, to identify the specific determinants of each type of innovation (in product, 
process, market and business models) by food SMEs.
The analysis is carried out based on information collected through a survey of 381 
food SMEs located in 6 European countries. Survey data are analysed through non-para-
metric techniques, (the classification tree analysis), to establish which firm characteristics 
affect the innovation realised (distinguishing product, process, market and business model 
innovation) over the years 2011-2013 and the existence of relationships between the dif-
ferent types of innovations.
In light of the limited amount of studies available related to the food sector and the 
increasing demand for research on this topic, this study provides mainly an empirical con-
tribution to the description and understanding of innovation in food SMEs and similar 
low tech sectors. Moreover, to the best knowledge of the authors, the classification tree 
analysis has never been used before in this field. Hence, we also provide insights into the 
potential and limitations of this methodological approach.
The remainder of the study is organised as follows: chapter 2 describes the method-
ology, chapter 3 illustrates the results, and a discussion and conclusions are provided in 
chapters 4 and 5. 
2. Methodology
2.1 Overview
The paper attempts to test for the existence of relationships between innovation types 
and explores the determinants of single types of innovations in a sample of European food 
SMEs. Accordingly, the analysis includes two separate steps. First, a classification tree 
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analysis was performed making use of the four innovation variables: product, process, 
market and business model innovation. Second, the classification tree analysis was com-
puted individually for each innovation type, entering the following potential explanatory 
variables: innovation strategy, firm size, and collaboration typology.
Information was collected through a web survey carried out in 6 EU countries in 
2012-2013. In the following we discuss the data collection process and the methodology 
used to identify significant determinants.
2.2 Data collection
The present work makes use of data collected through a web-survey developed for the 
European Commission-funded project NetGrow (www.netwgrow.eu).
The survey respondents represented food and drink SMEs in six EU countries (Bel-
gium, France, Sweden, Ireland, Italy and Hungary). The SME definition adopted is the one 
provided by the European Commission (2009), namely ‘firms with less than 250 employ-
ees’. In particular, the class Micro-enterprises identifies firms that have up to 10 employee, 
the class Small-enterprises those that have up to 50 employees and Medium-enterprises 
up to 250 employees.
The respondents were identified through national databases, where available. Gener-
ally, SME owners or managers were the target interviewees for each company. The con-
tact details of the firms were not readily available from databases in all of the countries. 
Accordingly, in those countries where contact details were difficult to locate, some missing 
contacts were collected by way of internet searches or telephone calls. In addition, in sev-
eral cases, telephone calls were needed to obtain the contact details of a suitable respond-
ent within the firm. 
Depending on the country, respondents were approached directly by e-mail or 
through an initial telephone call, followed by an e-mail. The e-mail provided the web-link 
to the survey and a personalised cover letter explaining the project. Additionally, remind-
ers to some respondents were sent via e-mail. The data were collected between October 
2012 and April 2013 using an online questionnaire.
Five hundred and sixty-two (562) SMEs completed the questionnaire during this 
period. Around 36% were from France, 18% from Belgium, 13% from Italy, 12% from 
Sweden, 10% from Hungary and 10% from Ireland. Not all of the SMEs that initiated the 
questionnaire process actually completed it. The percentages of SMEs having completed 
the survey in each country are as follows: 78% in Belgium, 76.5% in Hungary, 72% in 
Sweden, 70% in Ireland, 65% in Italy and 54% in France. Finally, 381 of the questionnaires 
were usable for data analysis. Table 1 provides the percentage distribution of SMEs partici-
pating in the survey in Europe.
In the questionnaire, each of the four variables capturing product, process, market 
and business model innovation was re-coded from a Likert scale, into a dummy variable 
for analysis purposes (0= no innovation, 1= 1, 2, 3 to 5, 6 or more innovations in the last 
two years, 999= missing values). The definition of innovation provided in the question-
naire was stated as follows: 
• innovation in products: new products or services; 
• innovation in processes: new processes;
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• innovation in new markets: new types of customers or new geographical markets;
• innovation in business models: new business model or management tools.
It should be noted that the concept of innovation in the web-survey is rather broad, 
and strongly related to what is perceived as ‘new’ by the firm. This approach is not suit-
able for some types of analyses. For example, it is not suitable for studies seeking to assess 
the spread of new ideas or evaluate the impact of innovation. However, the approach can 
be useful to analyse factors that influence a firm’s propensity to innovate and hence was 
adopted for the aim of this study.
The variables entered in the classification tree analysis to identify the determinants of 
each innovation type are: innovation strategy, firm size and collaboration typology. This 
study distinguishes innovation strategy, according to Miles and Snow (1978), based on the 
type of innovation strategy adopted, namely: prospectors, analyzers and defenders. While 
a prospector type company seeks opportunities and responds rapidly to changes in the 
external environment, analysers focus on efficient and full analyses of directional strate-
gies and how best to compete. Defenders, for their part, will focus on maintaining existing 
markets and competing on price and quality rather than being at the forefront of innova-
tion (Laforet, 2008).
There are different outcomes in terms of innovativeness. In fact, prospectors seek to 
exploit new products and new markets, whereas defenders try to protect their existing 
market. For their part, analyzers combine the two behaviours by quickly following pros-
pectors into new products and markets while at the same time protecting their niche mar-
ket of products and customers. 
The reason for the adoption of these categories as explanatory variables in this paper 
is their prominence in the literature with regard to explaining innovation behaviour. In 
the present analysis innovation strategy is entered as a multinomial variable consisting of 
three categories: prospector, analyzer or defender.
Many scholars have investigated the issue of innovation relating to firm size, with-
out conclusive results (Cohen and Mowery, 1987; Amato et al., 1981) or highlighted the 
variation of the effect of size depending on the sector (Acs and Audretsch,1987; Acs and 
Audretsch, 1991; Cohen and Klepper, 1996). For example, large firms in low-tech indus-
tries have an advantage over small firms, but no difference exists in high-tech indus-
tries (Acs and Audretsch, 1991). Recent findings have also reported that firm size has an 
impact on innovation type in low- tech industries (Wagner and Hansen, 2005; Karantinin-
is, 2010 ). In many cases, the literature reports different results because the existence of a 
Table 1. Distribution of SMEs in European countries.
Size
Country
Belgium France Hungary Ireland Italy Sweden
Micro-sized 31% 31% 45% 25% 40% 58%
Small-sized 49% 40% 40% 30% 44% 38%
Medium-sized 20% 29% 15% 45% 17% 4%
Total per country 100% 100% 100% 100% 100% 100%
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relationship between size and innovation depends on a combination of factors or typolo-
gies of innovation. For example, Maietta (2014) found that very small size significantly 
influences innovation in products but not innovation in process. Moreover, different out-
comes in the literature in terms of existing relations between size and innovation are due 
to the use of different definitions for firm categories in the sample or to the different tar-
get populations.
The inclusion of ‘collaboration typology’ as a determinant is motivated by several 
studies. Collaboration between chain network members is considered as an important fac-
tor for enhancing the innovation competence (Gellynck and Kühne, 2010). Also, the exist-
ence of a significant interaction between the type of innovation introduced and the type 
of actors present in the network in which the firm is involved is well recognised among 
scholars. In fact, Gemunden et al. (1996) demonstrate that horizontal collaboration, 
namely collaboration between SMEs and their suppliers and customers, prompts product 
innovation in the high-tech sector. They also show that collaboration with consultants and 
universities fosters process innovation.
A summary of dependent and explanatory variables, as well as their coding and fre-
quency of answers in the sample is provided in Table 2.
In Table 3 frequency of collaboration, expressed as a percentage, with suppliers, cus-
tomers, competitors, and public and private research institutions per country are reported. 
Due to the structure of the survey, in which information on collaboration between firms 
and actors are aggregated for resource type, it is not possible to express firms’ engagement 
in collaboration as a percentage. Collaboration with suppliers is the highest percentage in 
all countries, followed by collaboration with customers. Differences in behaviour from dif-
ferent countries sampled are more evident for horizontal collaboration (competitors) and 
research. 
2.3 Methodology 
Various studies have investigated determinants of innovation through parametric 
models (Triguero et al.2013; Bhattachary and Bloch, 2002). Such approaches are suit-
able only if the relationships between explanatory and dependent variables follow the 
imposed functional form. However, data frequently do not match with underlying distri-
butional hypotheses. In these cases, a non-parametric model can be more suitable than 
a parametric one for the identification of significant relationships and for explaining 
response variables.
In this paper, due to the features of the dataset, the understanding of determinants 
is carried out by means of a non-parametric technique. In particular, a classification 
tree analysis is applied, using the CHAID algorithm (Chi-squared Automatic Interaction 
Detector) (Kass 1980).
This technique has been used in different contexts, with only few examples related to 
the agri-food sector, either focusing on firm decisions (Viaggi et al., 2011) or consumer 
behaviour (Bozkir and Sezer, 2012).
The aim of the classification tree procedure is to divide the population into sub-
groups based on the best predictor of the dependent variable. The best split is deter-
mined by checking whether there is any statistically significant difference, by computing 
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the Chi-square test, between respondent variable categories and the independent variable. 
The first split cuts where the stronger association occurs i.e. on the variable that shows 
the lowest p-value. Once the first level of the tree is concluded, the procedure starts again 
Table 2. List of variables used in the classification tree analysis.











Number of new products 
realised in the last 2 years Dummy 7.6
Process 
innovation




Number of new processes 
realised in the last 2 years Dummy 14.7
Market 
innovation 




Number of new markets 
realised in the last 2 years Dummy 13.6
Business model 
innovation




Number of new business 











Prospector: first to market
Analyser: seldom first to 
market but fast follower











Micro (less than 10 
employees), Small (10 to 50 











Collaboration with suppliers 
and clients Dummy 11.8
Horizontal 
collaboration






competitors and research 
institutions
Dummy 17.6











Belgium (%) 36 25 12 20 7 100%
France (%) 36 26 7 18 13 100%
Hungary (%) 32 26 19 17 6 100%
Ireland (%) 29 23 8 23 17 100%
Italy (%) 31 28 12 16 13 100%
Sweden (%) 37 28 17 11 7 100%
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by attempting to split each of these groups into smaller sub-groups until associations are 
statistically significant.
The CHAID method tends to be more flexible than conventional statistical models 
and accordingly is more suitable for the analysis of the surveyed sample. This technique 
makes it possible to recognise the main characteristics explaining the variations with 
respect to the target variable, in this contest expressed by the four types of innovation 
implemented in the last two years by SMEs: product innovation, process innovation, mar-
ket innovation and business model innovation.
First, the four innovation types were used as an input in the decision tree analysis to 
highlight the existence of some degree of interaction among them. Innovation in products 
was used as the dependent variable in this case. Innovation in process, markets and busi-
ness models was used as independent variables. This choice is motivated by the prominent 
role of product innovation in the literature and also in the answers to the survey (it is 
the most frequent type of innovation in the sample). Moreover, the literature highlights 
a strong relationship between innovation in product and process; in addition, some stud-
ies suggest that when innovation in product occurs, changes in process and administra-
tive organisation can also be expected (Utterback and Abernathy 1975; Hayes and Wheel-
wright 1979 a, 1979 b; Kim et al. 1992).
Classification trees were also computed using each innovation as a dependent variable 
in order to investigate innovation determinants. The variables considered as determinants 
are all derived from the questionnaire and are described in Table 1.
The analysis was performed by means of IBM SPSS Statistics 21.
3. Results
The first aim of this study is to investigate the link between different types of inno-
vation. In this regard, of the 381 European SMEs surveyed, 282 declared to have inno-
vated in products, 70 declared not to have innovated in products and 29 SMEs have not 
provided any answers. 228 SMEs have innovated in markets, 184 in processes and 110 in 
business models in the last two years. Conversely, 101 SMEs have not produced any inno-
vation in market, 141 SMEs have not produced any innovation in process and 185 SMEs 
have declared no innovation in business models. These data are expressed also in percent-
age in Table 4. As it can be notice in Table 4, the majority of SMEs innovate in products, 







SMEs with no 
innovation
% SMEs with 
innovation
% SMEs with no 
innovation
In product 352 282 70 80 20
In process 325 184 141 56 44
In markets 329 228 101 70 30
In business models 295 110 185 37 63
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then market and process, conversely, only 37% reported to have introduced innovations in 
business models.
The classification tree in Figure 1 reports the association identified between the four 
types of innovations determined by computing the Chi-square test. The results highlight a 
relationship between the four types of innovation. 
The main association identified is the one represented by the linkage between innova-
tion in product and innovation in market. In fact, the latter variable represents the first 
Figure 1. Relationship between the four types of innovation.
42 F. Minarelli, M. Raggi, D. Viaggi
category where the split is made. Two groups are created: SMEs that introduced innova-
tions in markets and SMEs that did not introduce innovations in markets. As can be seen 
in the first group, 91% of firms also introduced a product innovation. This group is fur-
ther split into two groups based on innovation in process, where there is a higher per-
centage of SMEs innovating in products among those innovating in processes (93%), with 
respect to SMEs that do not innovate in processes, among which innovation in products 
falls to around 84%.
At the level of the second group originated from the first split second branch, SMEs 
that do not introduce any market innovations are also split based on innovations in pro-
cesses. Two groups are identified: SMEs that innovate in processes and those that do not. 
It should be noted that 86% of the SMEs that innovate in processes (without have inno-
vations in markets) introduced an innovation in products. On the contrary, only 37% of 
those SMEs that do not innovate in either processes or markets had introduced a new 
product into the market. The final split occurs only for this last group and it is charac-
terised by innovation in business models. The division is once again between SMEs that 
innovate and those that do not innovate in business models. Eighty per cent (80%) of 
SMEs introducing an innovation in their business models also introduced new products, 
while this figure is only 34% for the SMEs that did not innovate in business models.
The main outcome from this analysis is that the introduction of the different types 
of innovation occurs simultaneously in the majority of the cases, the introduction of a 
new product type implies the adoption of new business models or new markets or new 
processes. 
The second objective of this study is to identify determinants of each type of innova-
tion. The analysis through CHAID demonstrates that innovation in products is primarily 
explained by the innovation strategy (Figure 2). 
SMEs that innovate in products are highly differentiated between two groups based 
on the innovation strategy in place: prospectors and defenders/analyzers. The first branch 
(full sample) of the tree reports that 80% of SMEs introduced innovations in products. 
The percentage is higher (94%) for prospectors, but falls to less than 75% for the other 
innovation strategies. 
The second significant variable is the vertical collaboration that splits the analyzer 
and defender into two groups based on the fact that SMEs either engage or not in ver-
tical collaboration. It can be noted that 81% of SMEs involved in collaboration with 
suppliers and customers introduced innovation in products in the last two years (2011-
2013). This amount is considerably higher with respect to SMEs that did not have any 
collaboration, i.e., 51% of whom innovate in products. The group of SMEs engaged in 
collaboration is then split further based on a third significant variable, namely firm size. 
Small and medium-sized firms introduced more innovations in products compared with 
the micro-sized firms.
In the classification tree analysis computed for innovations in processes, the main 
determinant of innovation is once again the innovation strategy (Figure 3.).
This distinguishes two groups: one with a lower percentage of innovation in processes 
(48%) and another with a higher percentage of innovation in processes (79%). The first 
group is characterised by analyzers and defenders and the second group by prospectors. 
The first of these two groups is further split into two groups based on horizontal col-
laboration. Around 61% of SMEs having horizontal collaboration with competitors and 
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research institutions innovate in processes, while this figure falls to less than 30% for 
those not involved in horizontal collaboration. 
In the classification tree analysis computed for innovation in markets, the main deter-
minant of innovation is once again the innovation strategy (Figure 4).
Once again, two groups are identified, but with a different combination compared 
with the types of innovations discussed previously: prospectors/analyzers are merged 
together and, in this group, almost 80% of SMEs introduce innovation in markets. On the 
contrary, only 62% of defenders introduced innovation in markets and this group is fur-
Figure 2. Determinants of innovation in products.
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ther split into two groups based on the existence of collaboration. The first group collects 
SMEs with horizontal collaboration; among these, 73% introduce market innovations. The 
second group includes SMEs that do not collaborate and a minority of SMEs that innovate 
in markets (only 46%).
Distinctive behaviour is observed for the innovation in business models. This is the 
only respondent variable that is not affected by innovation strategy. On the contrary, the 
classification tree analysis of innovation in business models (Figure 5) shows horizontal 
collaboration as the main significant determinant.
The percentage of SMEs in the sample that introduced innovation in business models 
is about 37%, in contrast to the much higher share of SMEs innovating in the previous 
innovation types. Here, the first split divides SMEs into two groups: those that engaged 
in collaboration with competitors and suppliers and those that did not. Within the first 
group, 42% of SMEs introduced innovations in business models, whereas only 20% of 
those not having any collaboration have introduced innovation in business models. The 
Figure 3. Determinants of innovation in processes.
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last split is made within this last category, introducing firm size as a second determinant 
of innovation in business models. Firm size can influence the introduction of new busi-
ness models in firms that do not engage in horizontal collaboration. Specifically, two 
groups are created from the size category, micro/small firms and medium firms. By com-
paring these two groups it is noted that around 66% of medium-sized firms introduced 
innovations in business models, versus 15% of micro and small firms.
A summary of the findings illustrated above is provided in Table 5.
We found that there are important differences and similarities in the characteristics 
of the firms that adopt the four types of innovation. First, the connection between SMEs 
that seek to enhance innovativeness and firm innovation strategy is emphasised. Basically, 
the results highlight that the group with the greatest number amount of firms willing to 
improve their innovativeness are those adopting the prospector strategy (Figures 2, 3 and 
4). Prospector SMEs seek to enhance their innovativeness in all innovation types, with the 
exception of the adoption of new business models.
Figure 4. Determinants of innovation in markets.
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Second, the collaboration with other actors in the food chain, such as competitors, 
suppliers and customers represents a common determinant of all SMEs that innovate. 
In particular, as also noted in the literature, it is not only the existence of relationships 
between firms that fosters their innovativeness, but also the type of actor participating in 
the collaboration that influences the firm’s innovation objective. In fact, horizontal col-
laboration seems to have a significant influence on the achievement of innovation in pro-
cesses, markets and business models. Conversely, SMEs that seek to achieve innovation in 
products are mostly focused on vertical collaboration. 
SMEs not at all engaged in collaboration tend to pursue innovation to a lesser extent. 
This feature is common to all types of innovation, but mostly stressed in process and mar-
ket innovation. In fact, the lack of horizontal collaboration significantly reduces innova-
tion output.
Finally, size only impacts those SMEs that innovate in products and business models 
(Figures 2 and 5).
Figure 5. Determinants of innovation in business models.
47Innovation in European food SMEs: determinants and links between types
Table 5. Determinant comparison for types of innovation







Size Micro + no sign. no sign. -
Small ++ no sign. no sign. -
Medium ++ no sign. no sign. ++
Innovation strategy Prospector ++ ++ ++ no sign.
Analyzer + - ++ no sign.
Defender + - + no sign.
Collaboration: horizontal 0 no sign. - -  -
1 no sign. ++ ++ + (-)
Collaboration: vertical 0 + no sign. no sign. no sign.
1 ++ no sign. no sign. no sign.
Source: own elaboration
 ++ positive strong association: the percentage of independent variables is above the percentage of 
the respondent variable which is above 50%.
 + positive association: the percentage of independent variables is above 50% but below the percent-
age of the respondent variable.
 - negative association: the percentage of independent variables is below 50% and below the percent-
age of the respondent variable.
+ (-) the percentage of independent variables is above the percentage of the respondent variable, but 
below 50%.
4. Discussion
Of the 381 European SMEs surveyed, 285 indicated having undertaken innovation 
in products, 228 in markets, 184 in processes and 110 in business models in the last two 
years. This result is in contrast with findings from the literature in which the most com-
mon type of innovation pursued in the food sector is innovation in processes (Triguero 
et al., 2013; Alfranca et al., 2002; Capitanio et al., 2010; Galizzi et al., 1996; Grunter et 
al., 1997). A result of this kind can usually be explained by the tendency for firms in the 
food sector to engage in incremental rather than radical innovation, notably due to con-
servative consumer preferences with regard to food. The difference between the literature 
and the results from our sample, in which the majority of SMEs declared to have intro-
duced new products in the years 2011-2013, may be due to a degree of bias in the sam-
ple because of the self-selection process in the sampling modalities (no stratification was 
imposed and available databases may under-represent micro-firms) and the questionnaire 
approach , in particular the request for respondents to access a web-survey. The result 
may be a sample biased towards more marketing and communication-oriented firms, 
most likely also focusing on product and market innovations. This represents a difficulty 
often observed in studies involving surveys.
Another underlying issue, highlighted in the extensive work of the Oslo manual, is 
that types of innovation are difficult to define (Rogers, 1998). There may well be differ-
ent interpretations of what qualifies as an innovation and indeed there is a high degree 
of subjectivity in distinguishing types. Findings from academic studies (Simonetti et al. 
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1994) have shown that a large majority, around 96%, of innovations can be classified as 
product or process innovations, hence falling into a so-called “grey zone”, depending on 
the type of definition adopted. Only 4% of innovations can be unequivocally classified as 
product or process. This result implies that the distinction between types of innovations 
is not straightforward and that it depends on the perception of innovation. This may have 
affected the answers of the participants in this study, and, in particular, the multiplicity of 
innovations declared by several firms. We did not, however, find any clear and explicit dis-
tortion or difficulty due to definition issues, likely in part because the distinction between 
innovation types, though difficult to define, is now well established among practition-
ers. Yet it should be noted that differing perceptions, or indeed definitions, of innovation 
among innovating actors can lead to a degree of confusion or misunderstanding among 
academics and operators.
The main finding of this study is that, in the majority of firms, there exists a coexist-
ence between types of innovations. The decision tree (Figure 1) illustrates this concept by 
reporting which type of innovations are associated and the level of importance. 
The decision tree makes it possible to recognise the degree of intensity of this associa-
tion, which can be identified through the level of the tree branch. The level of importance 
of associations between innovations in products and markets is stronger than the inno-
vations in processes, which is displayed at the third level of the decision tree, and busi-
ness models which are found at the fourth level of the tree. This is not in line with find-
ings from the literature in other industrial sectors where the linkage between product and 
process innovation is more important (Utterback and Abernathy 1975; Hayes and Wheel-
wright 1979 a, 1979 b; Kim et al. 1992). 
At the same time, however, by focusing on individual analyses carried out on deter-
minants of innovation type, our findings show that each type of innovation has different 
determinants. This is consistent with the literature, whereby scholars distinguish inno-
vation types on the basis of differing processing generations (Utterback and Abernathy, 
1978; Daft, 1978; Tornatzky and Fleischer, 1990).
Prospectors are those that mostly innovate with respect to all of the three types of 
innovations: product, process and market innovations. Defender strategies are mainly 
adopted by SMEs that pursue innovation in markets in order to increase their competi-
tiveness by placing their products in new geographical areas or by addressing new poten-
tial customers.
The literature stresses that the likelihood of a firm engaging in collaboration is influ-
enced by the innovation objective (e.g. product, process, and market innovations) (Goo-
roochurn et al., 2007).
Findings from this study demonstrate that through their collaboration with com-
petitors and research institutions SMEs are encouraged to undertake market, process and 
business model innovations. Conversely, synergy with suppliers and customers tends to 
support product innovation. These results are in line with findings in the literature that 
underscore that collaboration between customers and suppliers increases product inno-
vation, not only in the food sector, but also in the high-tech industry (Gemunden et 
al.,1996).
Finally, innovation in business models shows a distinctive behaviour compared with 
other innovation types. Different dynamics are involved in the innovation process with 
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respect to business models that are not dependent on the type of innovation strategy 
adopted by the company, but have more to do with horizontal collaboration, size of the 
firm and business models adopted by other firms within their networks. In fact, innova-
tion in business models is a type of innovation that more likely can be shared with com-
petitors and is influenced by the size of the company in the majority of medium-sized 
firms that introduce innovations of this type.
Finally, some weaknesses can be identified in the use of high aggregated categories in 
the questionnaire; in particular, the questionnaire considered collaboration between firms 
and competitors, and research institutions as a whole. Yet, other sector findings show that 
innovation in processes requires intensive collaboration between universities and consult-
ants (Swann, 2002). In the same line, a more detailed specification of different types of col-
laboration would be needed for a better explanation of these connection with innovation.
The methodology used in this paper proved to be very practical for explorative pur-
poses, thanks to the fact that it can be applied without pre-defined assumptions about the 
functional form of relationships among variables. However, this also has limitations in 
terms of consistency with theory and understanding/interpretation of the direction of cau-
sality. For example, the association between different types of innovation may derive from 
very different stories, and possibly with a different sequence of innovations. Likewise, a 
firm’s collaboration can be either a determinant of, or an action purposely oriented to sup-
port, an innovation the determinants of which are to be found elsewhere.
5. Conclusion
The analysis carried out suggests, as a main finding, the existence of a tight relation-
ship between different types of innovation in the food sector. The study also highlights a 
relationship between types of collaboration and types of innovation. 
The practical contribution of this study is to provide information on which type of 
factors are more likely to affect innovation with regard to the innovation objective, and in 
particular which factors should be fostered in relation to the type of innovation that SMEs 
want to pursue. First, even if a linkage exists between innovation types, different factors 
must be targeted in relation to the type of innovation that the firm or the policy-maker 
seeks to enhance. Second, policies should explicitly take into account the interconnection 
between different types of innovation. Third, different types of collaboration and network 
types would need to be tailored to the type of innovation sought. The latter point also 
highlights the relevance of further connecting SMEs with research institutions and activi-
ties specifically aimed at supporting SME involvement in the innovation process, which 
represents the core of European policies for the enhancement of competitiveness. 
Given the limitations of the methodology, further research could be carried out by 
using other statistical techniques on the same sample to better connect empirical findings 
with theoretical insights.
In addition, potential for further studies is highlighted by the weaknesses discussed in 
the previous section as well as by its empirical insights, including the limited number of 
observations. The distinction between different types of innovation may be an important 
issue, yet greater priority should perhaps be placed on clarifying their connections. Fur-
thermore, the issue of collaboration as a determinant of innovation has been treated in a 
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simplified manner here, but has proved to be very important. Consequently, further stud-
ies focused on disentangling in greater detail the effect of different forms of collaboration 
should be considered, in particular SME collaboration with universities and other simi-
lar stakeholders. This work also suggests that further studies should seek to better under-
stand innovation-related interactions where innovation types prioritised by firms can also 
change in relation to either different stages of a firm’s life cycle and/or the product life 
cycle in food companies.
Acknowledgments 
We acknowledge funding from the European Commission, 7th Framework Pro-
gramme through the project NetGrow (Enhancing the innovativeness of food SMEs 
through the management of strategic network behaviour and network learning perfor-
mance, 7 FP(KBBE), project number 245301, www.netgrow.eu). This work does not neces-
sarily reflect the views of the European Union and in no way anticipates the Commission’s 
future policy in this area.
References
Acs, Z.J. and Audretsch D.B. (1987). Innovation, Market Structure and Firm Size. Review 
of Economics and Statistics 69(4): 567-575.
Acs, Z.J. and Audretsch D.B. (1990). Innovation and Small Firms. Cambridge. MA: MIT 
Press.
Alfranca, O., Rama, R., and Von Tunzelmann, N. (2002). A patent analysis of global food 
and beverage firms: The persistence of innovation. Agribusiness (18): 349-368.
Amato, L., Ryan, J.M., Wilder, R.P. (1981). Market structure and dynamic performance in 
US manufacturing. Southern Economic Journal 47(4): 1105-1110.
Avermaete, T., Viaene, J., Morgan, E., Pitts, E., Crawford, N. and Mahon, D. (2004). Deter-
minants of product and process innovation in small food manufacturing firms. 
Trends in food science & technology 15(10): 474-478.
Baregheh, A., Rowley, J., Sambrook, S., Davies, D., 2012, Food sector SMEs and innova-
tion types. British Food Journal 114(11): 1640-1653.
Bhaskaran, S. (2013). Structured case studies: Information communication technology 
adoption by small-to-medium food enterprises. British Food Journal 115(3): 425-
447.
Bhattacharya, M., Bloch, H. (2004). Determinants of innovation. Small Business Economics 
22(2): 155-162.
Bozkir, A.S., Sezer, E.A. (2011). Predicting food demand in food courts by decision tree 
approaches. Procedia Computer Science 3: 759-763.
Capitanio, F., Coppola, A. and Pascucci, S. (2010), Product and process innovation in the 
Italian food industry. Agribusiness (26): 503-518. 
Christensen, J.L., Rama, R., & Von Tunzelmann, N. (1996). Innovation in the European 
food products and beverages industry (European Innovation Monitoring System 
Publication 35). Aalborg, Denmark: Aalborg University, IKE Group.
51Innovation in European food SMEs: determinants and links between types
Cohen, W.M., Levin, Richard C. and Mowery, D. C., (1987). Firm Size and R&D Intensity: 
a Re-Examination. NBER Working Paper No. w2205. Available at SSRN: http://ssrn.
com/abstract=347000
Cohen, W.M. and Klepper, S. (1996), Firm Size and the Nature of Innovation within 
Industries: The Case of Process and Product R&D. The Review of Economics & Sta-
tistics 78: 232-243. 
Colurcio, M, Wolf, P., Kocher, P. and Russo Spena, T. (2012). Asymmetric relationships in 
networked food innovation processes. British Food Journal 114 (5): 702 - 727.
Daft, R. L. (1978). A dual-core model of organizational innovation. Academy of Manage-
ment Journal 21: 193-210.
De Jong, J.P.J. and Vermeulen, P.A.M. (2006). Determinants of product innovation in 
small firms. A comparison across industries. International Small Business Journal 
24(6): 587–609.
Downs, G.W. and Mohr L.B. (1976). Conceptual Issues in the Study of Innovation. Admin-
istrative Science Quarterly 21: 700-714. 
Earle, M.D., 1997. Innovation in the food industry. Trends in Food Science & Technology 
8(5), 166-175
Ebbekink, M. and Lagendijk, A. (2012). What’s Next in Researching Cluster Policy: Place 
Based Governance for Effective Cluster Policy, European Planning Studies: 1-19
Galizzi, G. and Venturini, L. (1996). Product innovation in the food industry: Nature, 
characteristics and determinants. In G. Galizzi & L. Venturini (Eds.), Economics of 
innovation: The case of food industry (pp. 133–153). Heidelberg: Physica-Verlag.
Garcıa-Martınez, M. and Briz, J. (2000). Innovation in the Spanish food & drink industry. 
International Food and Agribusiness Management Review 3: 155-176.
Gellynck, X., Vermeire, B. and Viaene, J. (2007). Innovation in food firms: contribution of 
regional networks within the international business context. Entrepr. Reg. Dev. 19(3), 
209-226.
Gellynck, X. and Kühne, B. (2010). Horizontal and vertical networks for innovation in the 
traditional food sector. International Journal on Food System Dynamics 1.2: 123-132.
Gemünden, H.G., Ritter, T. and Heydebreck, P.(1996). Network configuration and inno-
vation success: An empirical analysis in German high-tech industries. International 
Journal of Research in Marketing 13(5): 449-462.
Gooroochurn, Nishaal, and Aoife Hanley (2007). A tale of two literatures: transaction costs 
and property rights in innovation outsourcing. Research Policy 36(10): 1483-1495.
Grunert, K.G., Harmsen, H., Meulenberg, M., Kuiper, E., Ottowitz, T. and Declerck, F., 
(1997). A framework for analysing innovation in the food sector. In B. Trail & K.G. 
Grunert (Eds.), Product and process innovation in the food industry, 1-37. London: 
Blackie Academic & Professional Publishers.
Garcia, M., and J. Briz (2000). Innovation in the Spanish Food and Drink Industry. Inter-
national Food and Agribusiness Management Review 3: 155-176. 
Hayes, R.H. and Wheelwright, S.C. (1979). Link Manufacturing Process and Product Life 
Cycles. Harvard Business Review March–April: 127-136.
Jansen, J.J.P., Van den Bosch, F.A.J. and Volberda, H.W. (2006). Exploratory innovation, 
exploitative innovation, and performance: effects of organizational antecedents and 
environmental moderators. Management Science 52: 1661-1674.
52 F. Minarelli, M. Raggi, D. Viaggi
Kim, J.S., Ritzman, L.P., Benton, W.C., Snyder, D.L. (1992). Linking Product Planning and 
Process Design Decisions. Decision Sciences 23: 44-60.
Kimberly, J.R. and Evanisko, M. (1981). Organizational innovation: the influence of indi-
vidual, organizational, and contextual factors on hospital adoption of technological 
and administrative innovations. Academy of Management Journal 24: 679-713.
Knight, K. E. (1967). A Descriptive Model of the Intra-Firm Innovation Process. Journal 
of Business 4: 478-496.
Laforet, S. (2008). Size, strategic, and market orientation affects on innovation. Journal of 
Business Research 61.7: 753-764.
Light, P.C. (1998). Sustaining Innovation. Creating Nonprofit and Government Organiza-
tions that Innovate Naturally. San Francisco, CA: Jossey-Bass.
Maietta O.W. (2014). Innovation Systems Research in the Italian Food Industry, CSEF, 
Working Paper N. 358.
Maietta OW. (2015). Determinants of University-Firm R&D Collaboration and Its Impact 
on Innovation: a Perspective from a Low-Tech Industry. Research Policy (in press), 
http://dx.doi.org/10.1016/j.respol.2015.03.006
Massa, S. and Testa, S. (2008). Innovation and SMEs: Misaligned perspectives and goals 
among entrepreneurs, academics, and policy makers. Technovation 28(7): 393-407.
Miles, R.E. and Snow, C.C. (1978). Organizational, Strategy, Structure, and Process. New 
York: McGraw-Hill.
Minarelli, F., Raggi, M. and Viaggi, D. (2014). Distinguishing the innovation behaviour of 
micro, small and medium food enterprises. Journal on Chain and Network Science 
14(2): 95-102.
O’Reilly, S., Haines, M. and Arfini, F. (2003).Food SME networks: Process and govern-
ance-The case of Parma ham. Journal on Chain and Network Science 3(1): 21-32.
Olsen, N., Elvekrok, I. and Nilsen, E.R. (2012). Drivers of food SMEs network success: 101 
tales from Norway. Trends in Food Science & Technology 26(2): 120-128.
OECD (1997). The Oslo Manual: Proposed Guidelines for Collecting and Interpreting 
Technological Innovation Data. Paris OECD. 
Rogers, E.M. (1995). Diffusion of Innovations. New York: Free Press.
Rogers, E.M. (2004) .Networks, Firm Size and Innovation. Small Business Economics 22: 
141-153. 
Rowe, L.A. and Boise, W.B. (1974). Organizational Innovation: Current Research and 
Evolving Concepts. Public Administration Review (34): 284-293. 
Utterback, J., and Abernathy, W. (1975). A dynamic model of process and product innova-
tion. Omega 3(3): 639-656.
Schiemann, M. (2008). Unternehmen nach Größenklassen Überblick über KMU in der 
EU, in Gemeinschaften, Europäische (Ed.), Eurostat. Statisitk kurz gefasst. 31: Indus-
trie, Handel und Dienstleitungen, Amt für Europäische Gemeinschaften, Luxem-
bourg
Schumpeter, J. (1912) [1934]. The Theory of Economic Development: An Inquiry into 
Profits, Capital, Credit, Interest, and the Business Cycle, Cambridge: Harvard Uni-
versity Press
Swann, G.M.P., 2002. Innovative Business and the Science and Technology Base: An Anal-
ysis Using CIS 3 Data. Report for the Department of Trade and Industry, October 
2002.
53Innovation in European food SMEs: determinants and links between types
Traill, W.B., and Meulenberg, M. (2002). Innovation in the food industry. Agribusiness 18: 
1-21.
Triguero, Á., Córcoles, D. and Cuerva, M.C. (2013), Differences in Innovation Between 
Food and Manufacturing Firms: An Analysis of Persistence. Agribusiness (29): 273-
292.
Van Der Borgh, M., Cloodt, M. and Romme, G.A.L. (2012). Value creation by knowledge-
based ecosystems: Evidence from a field study. R&D Management 42(2): 150-169.
Veugelers, R. and Cassiman B. (1999). Make and buy in innovation strategies: evidence 
from Belgian manufacturing firms. Research policy 28.1: 63-80.
Viaggi, D., Raggi, M. and Paloma, S.G.Y. (2011). Understanding the determinants of 
investment reactions to decoupling of the Common Agricultural Policy. Land Use 
Policy 28 (3): 495-505.
Wagner, E.R. and Hansen, E.N. (2005). Innovation in large versus small companies: 
insights from the US wood products industry. Management Decision 43(6):837-850.
